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ALTITUDE INVESTIGATION OF 16 --HCZDER MD FUIHiSYSTEM

CO%KEORATIOMS XN TML-FIPE BURNER

By Ral~h E. Grey, H. & H1’ull,and A. F. Sargent

An investigationwas conducted in an altitude chamber at the
NACA Lewis laboratory to determine the performance of 16 flame-holder
and fuel-system configurations in a short converging conical tail-pipe
burner having a two-PCSition exluaustnozzle. During the investigateion,
the engine wss operated at rated engine s~eed.jat a constant flight Mach
number of 0.6, and over a range al?tail-pipe-burner fuel-air ratios and
altitudes.

4 Of the various configurateions investigated, the best ocmdmstion
performance and operable llmits were obtained with a T-gutter flame
holder and a rsdial fuel-iqlection system that provided a uniform fuel

% distribution.over the fleme holder and = incressed mixing length
between the fuel injectors and the fleme holder. The maximm altitude
limit obtained with one of the V-gutter fleme holdezw was about
56,000 feet. The c=bustion efficiency, efiaust-ges temperature, snd
specific fuel consumption were only slightly affected by increases in
altitude to 40,000 feet. The maximum altitude Wnits of the H-gutter
and the H-gutter with a trailing V-gutter fleme holders were 40,000 and
44,000 feet, respectively. The combustion efficiency and tiaust-gas
temperature decreesed and the specific fuel consumption increased
rapidly with an incre~e in altitude for these configurateions. With the
Set nozzle Openj starting by spszk plug ignition was limited to alti-
tudes of 30,000 feet and lower, wheresa sterts by the hot-streak
ignition teohnique were obtained at all altitudes up to 45,000 feet,
which was the mexfmum altitude at which”starts were sthempted.

13WRODUCTION

The altitude perfom=nce emd operating characteristics & several
types of flsme-holder and fuel-injection system install~ in the tail-

% pipe burner of a J35-A-21 turbojet engine were investigated in a 10-f’oot )
altitude test chsmber at the NACA Lewis laboratory. The purpose of this
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investigationwas to obtain a flame-holder and fuel-system configuration
that would provide effioient combustion in a relatively short tail-pipe
burner up to altitudes of at least 40,000 feet. Sixteen fleme-holder
and fuel-system configurationswere investigated ten-configurations
were supplied by the engine manufacturer and six were designed by N4C?A
(based oninf’ormation in reference 1). The tail-pipe burner, whioh waa
supplied as pti of the engine, had a short converging conical burner
section and a two-position efiaust nozzle. The outer shell of ‘thetail-
pipe burner remained unaltered during the investigation. Each configu-
ration was operated over a range of altitudes at a flight Maoh number
of 0.6.

The data obtained for each configuration are presented in a manner
to show the effects of fuel distribution and flame-holder design on net
thrust, spectilc fuel consumption, efiaust-gaa temperature, combustion
efficiency, operable range of tail-pipe-burnerfuel-air ratios, and
maximum altitude Umit. The combustion stability during tail-pipe-
burner operation is also described 4nd typical flame-holder failures
that occurred during the investigation are discussed.
..
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* Installation

The engine wss Installed in an altitude chamber as shown h fig-
ures 1 and 2. The engine was mounted on a thrust platform, which was
connected through linkage to a calibrated balanced air-pressure
diaphragm for measuring the thrust. The altitude chaniberis 10 feet in
diameter and 60 feet long. A honeycomb is installed in the ohamber
upstresm of the test section to straighten and smooth the fluw of inlet
air. The forward baffle, which incorporated a labyrinth seal around
the f’oryardend of the engine, was used to separate the engine-inlet air
from the exhaust and to provide a means of maintaining a pressure dif-
ference across the engine. A 14-inch butterfly valve was installed in
the forward baffle to provide cooling air for the engine compartment.
The rear baffle was installed to act as a radiation shield and to pre-
vent reoirculation of exhaust gases about the engine. The efiaust gas
from the Jet nozzle was discharged Into an exihaustcliffuser to recover
some of the kinetio energy of the jet. Combustion in the burner wss
obse~ed through a periscope located directIy behind the engine.

Engine,and Tail-Pipe Burner
. . .

A J35-A-21 engine, which includes a tall-pipe burner, was used in
this investigation. The engine has a static sea-level thrust rating of

6“-
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5100 pounds ti,thouttail-pipe burning at rated engine speed, 7900 rpn,
and at a turbine-outlet temp~ature of 13000 F. A% this operating con-
dition, the air flow is approximately 86 pounds per second and the fuel
consmuption is !5740Tounds per hour. The over-all length of the engine
is approximately 195 inches and the max- diameter is 43 inches. The
main components of the engine sre an Ii-stage axial-flow compressor,
eight cylindrical through-~low cxmibustors,a stngle-stage turbine, and
a tail-pipe burner. Throughout the investigation.,MIL-F-5624 fuel with
a lower heating value of 18,900 Btu per pound and a hydrogen-carbon
ratio of.O.179was used in the engine end tail-pipe bmer.

Ilrawi@ of the tail-pipe-burner assenitdyexe sthematically shown

in figure 3. The tail-pipe-lmrner assemlly was 87* inches long smd oon-

sisted of three sections: (1) an snmular diffuser followed by a short
cylimirical section, (2) a converging conical burner, and (3) a two-
posf.tionclamshell-type exhaust nozzle. The eyelids on this nozzle
were secured in the open PCSition throughout the investigation. The
area of the efiaust nozzle in the open Po13ition was ap~roximatply
349 squsre inches. .Fuel was supplied to the tail-pipe burner by an air-
turbine fuel pump which waa driven by air bled from the compresscm.

.

Two flsme-holder Tositions snd two cliffuser inner cones were used
during the investigation. Flame-holder position 1 and the standard
Mffuser inner cone ~ shown in figure 3(a). Flame-holder pmition 2
and the modified diffuser Inner cone sre shown in figure 3(b). Posi-
tion 1, which was the standard looatlon for the engine manufacturerts
flsme holders, was located in the 6-inch cylindrical section about

2+ inches downstream of the diffuser-outlet flange. Ibsition 2 was
located in the Uffuser section about 4 inches upstream of the dWfuser-

outlet flange. The modtiied diffuser inner cone consisted of a standerd
cliffuser inner cone cut &f at the downstream end where the diameter was

6 inches and a cup section having a depth of ~ inches was installed at

this point to provide a sheltered region for burning. The &etails of
the flsme holders and fuel systems till be &iscussed later.

Shell cooling of the burner section waa accomplished by an ejector
oooling shroud, which used the eat jet to 5+duce a flow of cooMng
air o~er the burner shell. I@ the present in~estigation, the air for
the burner cooling shroud was obtained from the test section of the
altitude chsmher at a pressure approxhnately equal to the altitude
ambient pressure and at a temperature of about l~” F.

Two types of tail-pipe-burner imtioq system were used. For the
10 manufacturer’s config-matiom, i~ti~ W- pro~fd~ by two ~p~k

.
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plugs projecting into the sheltered region of the outer annular gutter. .*
For the I?ACAconfigurations, ignition was provided %y a moment~y

.— .

increase in fuel flow to one of the engine combustors (reference 1).
This excess fuel in one cmibustor caused a burst of fbme through the
turbine, thereby igniting the tail-pipe-burner fuel.

g
m

Fleme Holders end Fuel Systems

Ten commercial flame-holder and fuel-system units (figs. 4 and 5),
four NACA flame holders (fig. 6), and four NACAfuel-in~ection systems
(fig. 7), in various combinations were investigated in the 16 ctiigura-
tions presented in this report. These configurations ere classified
into five basic types:

(1) H-gutter flame holder with radial and annular fuel-injection
manifold, configurations A through D

(2) H-gutter flame”holder w5th trailing V-gutter and reiiialand
annular fuel-injection manifold, configurations E through I

(3) Annular V-gutter flame holder tith radial and annular fuel- &

injection manifold, configuration

(4) Annular T-gutter flame holder with radial fuel injecto?=,
*

configurationsK through O :

(5) Radial T-gutter flaqe holder with radial fuel injectors,
configuration P

l%efleme-holder and fuel-sy~tem units of configurations A through
Jwere supplied by the engine mantiadurer. The H-gutter of configura-
tions A through I consisted of two parallel sides connected by a cross-
mem%er with holes to meter fuel and air into the sheltered region down-
stream of the fleme holder. The annuler trailing V-gutters (typical
installation shown in fig. 4(d)) had an included angle of 36°, were

& incheswide, and had a diemeter generally intermediate between the

diemeters of’the two annular E-gutters. The flame holder of configura-
tion J was constructed of V-gutters. The fue~ for these configurations
was tijected through reiiialand annuler tubes hmnediately upstream of
the flame holder.

The fuel system of configuration K and the fuel-system and flame-
holder configurationsL through Pwere lWWA designs. All flame holders ““ ~
for these conflguration9were constructed of.V-gutters. The fuel for
these configurationswas introduced normal to the direction of gas flow
through radial fuel injectozw.

---- .-
.-—
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-<
. A detailed description of each configuration is presented in

table 1. A com~ison of the five lmsic configuration types ia shown
in the following table:

REl
ype

1

2

3

4

5

Fi.g-
Ure

4(a)
‘and
4(3)

4(C)

4yf)

4(g)

Flsme holder

kztter
cross
section
!ypeFig-

ure

5(a)
E to

5(C)

5(%)
:-T 5(a)

5(e)

T 5(f)

!ro$ecim
blocked
area
percent

25.5
to

30.9

36.2
to
43.3

28.9

28.9
to
35.2

26.6

Remarlm

2 to 3 allnu-
i= gutters

2 emnulsr H-
gutters with
1 or 2 trail.
ing T-gutterE
4 to 6 incheE
downstream

2 annular
gutters

2 exl.nular
gutters

Short radial
gutters con-
nected by
one annular
gutter

Fuel system I
Fuel Injector Remarks
nixing figure
Length
[in.)
(a)

1/8 AIUNI1= tUbeE
to5 connected by

radial tubes
%r

*

3 to 7(a) kadial tubes
10

71:)

5 7(d) Redial tubes”
53

%xina lemrbh is defined w distance frcm point of fuel injection to
lead-~ age of flame holder. .

Each pa of the flame holder md fuel system is numiberedon the
photographs of figure 4 (configurations A through J) and details of the
corresponding Qsrt are given in table II.

.
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Instrumentalion

Pressures and temperatures were measured at sevaal stations in the
engine and tail-pipe burner (fig. 2). Engine air flow was meamcred %y
use of survey rakes mounted at the engine inlet. Fbssure and tempera-
ture instrumentationwas installed to compute engine midfreme air bleed
end the air bled from the compressor outlet that was used to drive the
air turbine of the tail-pipe-burner fuel pump. A complete pressure and
temperature survey wes obtained at the turbine outlet (atation 5,
fi.g.8(a)), end several of the 30 fihernmcouplesat station 5 were used
to obtain an indicated turbine-ohtlet temperature during operation.
Static pressure messuranents were taken at the burner inlet (station 6,
fig. 8(b)) and total pressures were measured with a water-cooled survey
rake at the efiaust-nozzle inlet (station 7, fig. 8(c)) 5 inches
upstream of the e~aust-nozzle outlet. Engine and tail-pipe-burner fuel
flows were measured by calibrated rotamsters.

r
1-
r

.,

PROCEDURE

Tail-pipe-burner perfor3na.ncedata were obtained over a range of
tail-pipe-burnerfuel-air ratios at a simulated flight Mach number of E

0.6 and the following simulated altitudes:

a

Altitude Configuration
(ft)

-...

10,000 AECIJ H J L OP

30,000 ABC DE FGHIJKLMNOP

35,000 DE . ... .

\ 40,000 B ,E H JKLMNOP

The engine-inlet-airtotal temperature em.dtotal prwsure were regulated,
to correspond to NAC!Astandcuxltotal temperature and pressure assuming
100-percent rsm pressure recovemy at each flight condition.

The symbols used in this report and the methds used in calculating
the results are given in the appendix. Due to a questionable radiation
effect on the thermocouples at the turbine _out2et,the turbine-outlet
temperature was calculated as shuwn in the appendix. This calculated
temperature was used in plotting all curves presenting turbine-outlet
data. TWO fuel-air ratios are defined az?dused in cmputing ~ Plot- A

ting the results of the investigation:

.
.
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. (1) The tail-pipe-burner fuel-air ratio (f/a)~ is defined as the
ratio cd the tatl-pipe-burner fuel flaw to the engine air fluw (air flow
entering the ccaupressorminus air bled from the compressor). This fuel-
air ratio wm used when U@ flight condition, r~, end tail-pipe-burner
fue~ flow were recorded. The values ut engine air flow were tsken from
an engfne air-flow calibration curve.

(2) The Unlnzrned-airtail-pipe-burner fuel-air ratio (f/a)~ is
defined as the ratio of the taiI.-pipe-burnerfuel flow to the unburned-
air flow entering the tail pipe (engine air flow minus the air burned in
the engine). This f’uel-alrratio was used when oomplete perfolmauce
data were obtained.

The kil-pipe burner was stez+ed.at a simulated fli~t Mach number
of 0.6 and rated engine speed of 7900 w with the -aust nozzle in the
o- yosition. For altitudes up to 30,000 feet, the tail-pipe burner
was ignited and performance waa obtained aver a “rangeof tail-pipe-
burner fuel-air rattos. At al%itmies abme 30,000 feet, the tail-pipe
kmrn.erwas ignited at 30,000 feet, the shnulE&ed altitude waa increased
to the desired value, and data were obtaind over a range of tail-pipe.
burner fuel-ah ratios.

At each fQb.t condition with the engine operating at rated speed,
the tail-pipe-burner fuel flow was varted from a mimhnum to a maximum.
The @nimum fuel flow was determined by: (1) ~nent blow-out, or
(2) a control ltmit (minimum flow rate of sttisrd engine ~uql regu-
lator). The maximum fuel flow waH determined by: (1) the indicated
ltiting tmbine+utlet temperature of 13000 F (1760° R) measured by
the operating thermocouples at station 5, (2) control limft (maximum
flow rate of fuel regulator), (3) rough burdng, or (4) blow-out. To
determine the ~lmum operable altitude the burner was operated at
constant fuel flow and flight Mach number while sl,titude was increased
until blow-out occurred. Because actusl blow-out of the,burner was
usually quite sudden, operating technique may account for statter in
the data of about %300 feet-

KESOUIS AND DISCUSSION

Operational Limi~s

The operational Wiits of all configurations are plotted -infig-
ure 9 against the tail-pipe-burner fuel-air ratio (f/a)t. The four

kinds cd?operational limits encountered, which were discussed in the
proo~ure, are defined by the synibolsof f@ure 9. For configurations A,
B, C, end 0, the maximum operable altitude was not determined but it is
believed that this limit was generally a%oti the smne as the altitude
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limit obtained for other cdi~atlons of the seam basic type. The
performance data and operational limits were not obtained at an altitude -
of 10,000 feet for some configurations because the flame holder was P
extremely hot and the service life under these conditions was very short. ;

The msximum altitude limit for basic configuration types 1 and 2
was generally about 40,000 feet with configurations E and E (hasic type 2)
reaching 44,00U feet. The altitude limit of bsalc configuration t~ 3
was about 45,000 feet, whereas that of baaic t~s 4 and 5 was generally
above 50,000 feet with’configuraticnxM (baaic type 4) reaching
58,000 feet. —

The rich operational Umtts of basic configuration t~es 1 and 2
generally resulted f’rm bluw-out, rough burning, or fuel-regulator limi-
tations, whereas configuration types 3, 4, and 5 were restricted by
limiting turbine-outlet temperatures. The occurrence of this limiting
turbine-outlet temperature condition at relatively low fuel-air rat10s ●

indicatea that basic configurations types 3, 4, W 5 were operating at
higher conibustlonefficiencies than configuration types 1 and 2.

With the exception of configuration A, rough burning was encountered
with all H-gutter configurations at rich fuel-air ratios. Rough burning F
would start suddenly-with an attendant increase 3n noise level and.
vibration. When the fuel-air ratio was increased after rough bwming
was encountered, the noise level and vibration increased. An examination ‘
of the tail-pipe burner after such operation revealed broken &i loosened
bolts. In general, blow-out of basic configuration types 1, 2, and 3
was characterized by the flame shifting to the lower half of the fleme

.

holder and gradually diminishing until blow-outJ whereaa in configuration
t~es 4 and 5, blow-out occurred suddenly.

A comptison of the operational limits of configurations B, H, J,
L, and P, which represent,thebest operational 13mits and performance
characteristics of each of the five basic configuration types, is shown
h figure 10. Although configuration C apyeared to be better than con-
fQm?at ion B, it was not used for this comparison because the engine-
inlet total temperature waa 230 to 37° F below the NAC!Astendard total
temperature for all data obtained at an altitude of 30,000 feet.

Of all the configurateions investigated,basic configuration types 4
and 5 had the highest altitude lfmits. An evaluation of these data
indicates that the altitude limit was increased by the combined effects
of (1) radial fuel injection with uniform
holder, (2) increased fuel mixing length,
H-gutter fleme holder.

distrib;tion over the flame
and (3) a V-guttW instead of

—. ?.“-

.

—-—
-.
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Performance Characteristics
.

The ~erformance data obtained Ym each of the 16 configurations
w with a fixed-area conical exhaust nozzle is presented in table III.
b
l-l Perfomanc e data for five configurations, B, H, J, L, and P, are summar-
m ized in figures 11 through 16. These cotiigurations were previously

indioated to have the best operational limits and performance character-
istics of each of the five basic configuration types.. Perfomnance data
were plotted against the unburned-air tail-pipe-burner fuel-air ratio
(f/a)U. With the efiaust nozzle fixed in the open position, the burner-

inlet conditions varied with &eI-air ratio as shown in figure 11. In
general, the turbine-outlet total temperature and pressure increased
with tail-pipe-burner fuel-air ratio, whereas the bux’ner-inletvelocity
remained approximately constant. The turbine-outlet temperature survey
used during operation for part of the investigation”was foti to be
insufficientwhen later compared to the average of 30 thermocouples at
station 5 and to the calculated value of turbine-outlet t@nperature.
Consequently, some configurations were operated above limiting tempera-
ture. In such csses, the limiting turbine-outlet temperature operating
point is indicated on the curves.

% A comparison of combustion efftciencies and exhaust-gas temperatures
for the rive representative configurations over a range of fuel-air
ratios at vtious altitudes is shown in figure 12. At an altitude ofk
30,000 feet and limiting turbine-outlet temperature (1760° R), conf@.z-
ration type 4 reached a combustion efficiency of 72 percent at a fuel-
air ratio of 0.035 and a peak combustion efficiency of 85 percent waa
obtained at a fuel-air ratio of 0.021. In comparison, at this same
altitude and at a peak tm?bine-outlet temperature of 1660° R, the com-
bustion efficiency obtained with the configuration type 1 was 32 per-
cent at a fuel-air ratio of 0.07 and a maximum combustion efficiency of
54 percent was “obtainedat a fuel-air ratio of 0.023. The peak combus-
tion efficiency of all configurations occurs at higher fuel-air ratios s
as altitude is increased. The peak combustion efficiency is shown to
decrease rapidly with increasing altitude for configuration types 1, 2,
and 3 but to decrease only slightly for configuration types 4 and 5.
The effect of altitude on efiaust-gas temperature was to decrease the
temperature at a constant fuel-air ratio or to increase the fuel-ah
ratio required to maintain a constant temperature as altitude was
increased. These trends were considerably greater for configuration
types 1, 2, and 3 than for 4 and 5. The rate of increase in efiaust-
gss temperature with fuel-air ratio becsm less after peak combustion
efficiency had been reached. At all altitudes, the values of combustion
efficiency and efiaust-gss temperature at a given fuel-air ratio were

● higher for configuration types 4 and 5 than for types 1, 2, and 3.

In some cases there were significant changes in combustion effi-
. ciency eamng the configurations within a given basic type. At an
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altitude of 30,000 feet, where data were obtained for all configurations,
the maximum combustion efficiency of the type 1 configurations varied

.

from 51 to 66 peroent and generally occurred at a fuel-air ratio of
about 0.025. Maximum efficiency variation among type 2 ootiiguratiou”
was somewhat greater, ranging from 57 to 66 petient and occurring at a
fuel-air ratio of about 0.023. Among the type 4 configurations, peak ~

efficiency vsrled from 77 to 85 percent and generally occurred at a m
fuel-air ratio of about 0.025.

The net ttiust (fig. 13) reflects trends of efiaust-gas temperature
and the speoific fuel consumption refleots trends of e~aust-gss temper-
ature and conibustionefficiency. At an altitude of 30,000 feet and
limiting turbine-outlet temperature (1760° R), type 4 configuration had
a specifio fuel consumption of 2.2 at a fuel-air ratio of 0.035, whereas
at the peak Imzblne-outlet temperature of 1660° R, type 1 configuration
had a specific fuel consumption of 3.7 at a fuel-air ratio of 0.07. In
general, at a@ven tail-pipe-burnerfuel-air ratio, the net thrust was
higher and the specific fuel consumpti.onwaa lower for configuration
types 4 and 5 at all altltudes and the msrgin between these types and
oonfiguratiog types 1, 2, and 3 bemme increasingly greater as altitude
wkw increas&d.

?

The relative perfomnance of the five configuration types is illus-
trated in terms of net thrust and specxl.fi.cfuel consumption in figure 14
for an altitude of 30,000 feet. The data Indicated that for a given net _ .@
thrust$ conf@ration types 4 and 5 operat+ with lower specific fuel
consumption than configuration,types 1, 2, agd 3.

●

Therefore on the basis
of high altitude operational limits and best performance, configuration
type 4 and type 5 were the best investigated for this particular burner .
geometry. The burner performance was hnproved~y the same combine~
factors that improved the altitude limits, namely: (1) radial fuel
in~ection with uniform distribution over the flame holder, (2) inoreased

c fuel mixing length, and (3) a V-gutter flaresholder.

Operational Characteristics

The tail-pipe-burner losses presented as (P5-P7)/25 in figure 15 ;

indioate a trend of decreasi~”press~e-losg ratio with a decrease in
blocked area for all confi~atio~. The pressure-loss ratio for the

..
1

ho best configuration t~pesj 4 and 5, was in each c~e lower than or
equal to.that of the other configuration types. The pressure-loss
ratio remained approximately constant with increasing fuel-air ratio
and altltude. Although the pressure-loss ratio reuined constant, the
actual drop in pressure”across the tail-pipe burner increased with
increasing fuel-air ratio and turbine-outlet total pressure. The oom-

*—

binatton of ejector and nozzlelosses oaused a &eorease in thrust of
about 1.5 peroent as shown in figure 16. .

——.-
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For this partioul.srtail-pipe-burner installation, the over-all,
dimensions were fixed; consequently, to conserve tail-pipe length, the
burner-inlet dtifuser was relatively short. In figure 17, the velocity
profiles at the diffuser inlet (station 5) ard outlet (station 6) show
a high velocity gradient near the outer wal~” and a separation from the
inner cone at the inlet with a substantial grawth of the boundary layer
along the inner cone. It was found during the investigation that this
separation alohg the inner cone emd the ec&aust-gaa swirl and attendant
flow separation from the lee side of the long support struts for the
inner cone provided regions where burning occurred when f~el was injected.
near the leading edge of the struts. When fuel was injectd. near the
inner cone and between the trailing edge of the struts and the diffuser
outlet, burning took place in the region of.separation from the inner
cone. Therefore, the separation from both the inner cone and support
struts dictated.the maximum distance upstream of the diffuser outlet
that the fuel injectors could be placed to increaae the fuel mixing
length. To increase the mixing length beyond these limits would require

shortening the ~iffuser support struts in addition to redesigning the
diffuser to prevent flow se~ation.

.-

In obtaining perfomancB e data for the investigation, operation of
the nozzle eyelids was not required, consequently they were secured in
the open position. With the ekhaust nozzle in the open position, the

+ lowered temperatures and pr6ssures in the tail pipe fiposed more severe
starting conditions m the burner than are nozmd.ly encountered with the
nozzle closed. The two spark plugs w?nichwere provided with each of the
commercially manufactured @nfiguratione usually permitted starts up to
an altitude of 30,000 feet. The hot-stre~ ignition technique, which
was used in each of the NACA configuratfonsj pemtted stas at all
altitudes up to 45;000 feet, which was the maximum altitude at which

.

starts were attempted.

After about 70 hours of o~ratfon~ the tafl-PfPe-b~r shell -s
in good condition except for a few minor mfnkles. considerable dffff- - “--‘“.
culty was experienced with the operation of the two-position varlable-
area exhaust nozzle because of warping and binding of,the eyelids,
which was probably due to misalinement or maladjustment .ofthe actuator
and actuating linkages.

A number of flame holders failed structurally during the imvesti-
gation because of burning uystream of the flame holder and because of
~oor fuel distribution. -Ies of failures are shown in figures 18
to 21. Typical failures of the H-gutter and the trailing V-gutter are

.. shown in figures 18 and 19. Usually, failures which occurred at an
intersection of the V-gutters Md not appear to be a fault of the weld)
inasmuch as the welds were usually in good condition asshown infig-

. ure 20. In figure 21, the intense burning in the sheltered region of
.
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the T-gutter is evident by the burning out of the reinforcing tubing
near the leading edge of the gutter. The P-gutter failures could

usually be prevented by: (1) increasing the diameter of the flame-
holder inner annular V-gutter (if it were in the region af burnQg off
the inner cone), and (2) constructing the flame holders of heatier
gage materials.

During the investigation of the configurations which used the
radial fuel in&ctors, considerable trouble was experienced with coking
of the fuel-injector tubes. Radiation from the flame holder may have
aggravated coking; locating the fuel injectors upstream might alleviate
coking. No definite infomation was obtained as to the cause of this
coking, but in the use of internal fuel manifolds (basic configuration

.

.-

,.

t~es 1, 2, and 3) there
no dead ends in the flow
place for coking.

In an investigation

were no coking Troblems. These =ifOlas had
.

passages which maylave been the starting .

~YOF’~~g

of a J35-A-21 turbo~et engine with a short r

converging conical tail-pipe burner having a.two-~osition exhawt nozzle,
a nwnber of flame-holder and fuel-system configuration were evaluated
at rated engine speed am.dat a constant flight Wch number of 0.6 for a w

range of altitudes and tail-pipe-burnerfuel-air ratios. The follmwtng
results were obtained:

. The performance characteristicsand altitude operating limits
of th~ tail-pipe burner were improved byt.he combined.effects of (1)
radial fuel injection with unifom distribution over the flame holder,
(2) increased fuel mixing length, and (3) a V-gutter-type flame holder.

2. A maximun altitude Umit af about 58)000 feet was obtained
with a T-gutter fleme holder. Ihmost cases the altitude Unit with
the v-gutter flame holders was about 50)000 feet, and combustion
efficiency, e-ust-gas temperature, and specific fuel consumption were
only slightly affected by changes in altitti.eup to 40,000 feet.

3. The maxhwm altitude limits ’ofthe H-gutter and the H-gutter
with a trailing T-gutter flame holder were 40,000 and 44,000 feet,
respectively. With these configurations, the combustion efficiency
and exhaust-gas temperature decreased and the syeciffc fuel,cons~ptfon .
increased rapidly with an increase in altitude.

..

4. The short tail-pipe-burner inlet diffuser had a high velocity
gradient near the outer wall and separation existed at the inlet on the -+

~-

—.——
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.
inner cone with
inner cone.

15

a substantial growth of the boundary layer along the

5. With the two-position etiaust nozzle open, stemting 3Y spark
plug ignition was Um3.ted to altitudes up to 30,000 feet, whereas starts
with the hot-streak ignition technique were obtained at all altitudes up
to 45,000 feet, tiich was the maximum altitude at which sterts were
attempted..

Zewis Flight Propulsion Ia%oratory,
National Advisory Committee for A&onautlcs,

Clevelacd, Ohio.
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APPENOIX - MEI?HODSOF CALCULATION

SymboIs

NACA RM E51X03
‘%

.

The following symboU are used in this repo@:
N

A
P

area, sq ft +
m

% flow (discharge) coefficient, ratio of effective flow emea to
measured area —

CT thermal expansion ratio, ratio of hot exhaust-nozzle-outlet area to
cold exhaust-nozzle-outlet area

F thrust, lb

f~a fuel-air ratio

g aooeleration due to gravity, 32.2 ft/seo2 .

H total enthalpy, Btu/lb

hc lower heating ;alue of fuel, IJtu/lb

M Mach m.miber

P total pressure, lb/sq ft absolute

)? static pressure, lb/s”qft absolute

R gas constant, 53.3 ft-lb/(lb)(%)

T total temperature, %

Tr reference temperature, 540° R ‘

v velocity, ft/sec

Wa air flow, lb/see

Wf fuel flow, lb/hr

‘$ gaa fluw, lb/see

Y ratio of specific heats

n combustion efficiency

●

..—_

z

*

—

F.

.

./.
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Subscripts:.

a

co c

s
N e

J

n

B

t

Ua

o

1b

3

.
5

6

7

8

air

calculated

engine

jet

net

f3eal

tail pipe

unburned air

free-streem ambient condition

enghe inlet

compressor outlet

turbine outlet or Uffueer inlet

tail-pipe-lx.wnerinlet

exhauet-nozzle inlet, 5 inches forward of throat

daust-nozzle throat .

Methode of Calculation

Flight speed and Mach number. - The shmlated flight speed =d Maoh
number at which the engine and tail-pipe burner were operated were deter-
mined.from the equdione

(1)
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‘“”w
where y was assumed to be 1.4.

NACARM l!15m3
.

2’I

Ga9 flow. - The compressor-inletair flow was camputed as

(2)

.- .

where y was assumed to %e 1.4 and the total temperature was essumed to
le equal to the indicatai temperature inasmuch as the thermocouple
recove~ factor was 0.96. The engine air flow at @ation 3 was calcu- ‘
lated ly subtracting the midframe leakage and the air flow required to
drive the tail-pipe-burnerfuel pump from the compressor-inlet air flow.
The midfrsme air leakage and tail-pipe-burnerfuel-pump air flow were
calculated in a similar manner to the compressor-inletair flow. The
total gas flow at the turbine outlet was calculated aa

‘f e
‘g25 = ‘a,3

~& (4)

The total gas flow at the exhaust-nozzle throat was computed as

Wt
wg,~ = “L

‘g,5 + 3600 (5) “- -

!l!ur%ine-outlettemperature. - The tur%ine-outlet temperature ‘5
was the measured average of 30 thermocouples. Due to questionable
radiation effect on T5, a calculated tur%ine-outlet temperature Ts.c
was oltained by

(6)‘s=($)e[~ehc+Al~-
r-

‘e ‘due d ~5jc was then o?)tainedfrom H5 and enthalpy charts. A

value of 0.96 was selected for the engine ccmibustionefficiency qe
from an altitude calibration of a similar engiae. The term A accounts
far the difference between the enthalpy of the carbon dioxide and water

-
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vapor in the burned mtcture and the enthalpy of the o-iygenremoved frmu.
the air by their fomnation (reference 2). ComWison of these turbine-
outlet temperatures csn be made in table III.

co
Tail-pipe-burner inlet velocity. - The tail-pipe-burner inlet

s velocity was calculated by use of the continuity equation. The statio
N ~ressure and.area were measured at station 6. The total pressure and -

%nperature measurements from station 5
letween the two stations.

were used assuming no loss -

yg -1

‘()‘gRT5 c p6 76

‘6=~P6 ~
(7)

The gsa flow at station 6 was Wg,5 or ~,e dependent on the cotiigu-W

ration inasmuch as in some confi@?ations she tail-~ipe-lmrner fuel wss
introduced upstreeznof station 6 and in others it was introducd down- “
stream of station 6.

Tail-pipe-burner fuel-air ratio. - Two tail-pipe-burner fuel-air
ratios are used in this report and are defined.as follows:

(1) The ratio of the tail-pipe-burner fuel flow to engine-air flow,

()f Wf,t (8)
z
t
= 3600 Wa s

>

(2) The ratio of the tail-pipe-burner fuel fluw to the unburned ati
entering the tail-pi~ burner> .

0

f Wf,t (9)
EW= ‘f,e3600 Wa,3 - 0 0667

●

The assumption used in obtaining this eqution was that the fuel injected
in the engine was ccmpletel.yburned. The value of 0.0667 is the stoichi-
ometric fuel-air ratio for the fuel used.

Maust-gas temperature. - The edwust-gas temperature was deter-
mined by

x

.

.,
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y8-1
r— 7_ 78-1 .

The flow coefficient Cd was obtained from reference 3. The exhaust- 8
nozzle throat area ~ was measured at room temperature. Values of the .-i
thermal expansion ratio CT of the exhaust nozzle were determined from
the thermal expansion coefficient for the etiust-nozzle”material and

--.—

the measured skin temperature.

,JCI

,95

.,

.90

/

/

“8?.0 1.5 2.0 2.5 3.0 3.5” 4.0 4.5

. -.

1.03 .-,
●

1.02
/

@

- .
+

1.01 ~ -.

..-A
‘“”if(x) . lam .“ 1200 1400 lsoo

‘7)skin~‘?R

Imo 2000 2200 ----

detemgined as follows:

.— ~-

.
.

,.

.
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“J)

then
“

Pa = po (subsonic flow)

Y%

()78+1 78‘1
5>—
Po= 2

then

The nozzle-throat total pressure was assumed equal to the total pressure
messured at station 7 (5 in. upstreem of the throat). The values of 78

* were obtained.from charts of 7 against f/a and T from the first
approximateion of

‘8
which wes calculated using the value of 7 = 1.24.

Tail-pipe-burner cmibustion efficiency. - The tail-pipe-burner
conibustionefficiency was calculated by the equation

(11)
“’-G

[()hc ~
t

Dissociation was not considered in the calculation of combustion effi-
ciency inasmuch es its effect is negligible for temperatures of up to
3600° R. The engine fuel was not aagmmed to be Tmrned completely in the
engine. The unburned engine fuel was charged to the tail-pipe burner.
The engine combustion efficiency was selected to be a value of 0.96
which was obtained from an altitude calibration of this engine type.

Thrust. - The actual jet thrust was calculated by the equation

(12)
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r

where Fd was obtained from balanced air-pressure diaphra@n meamre-
ments. Net thrust was obtained from the actual Jet thrust by

w

Wa 1 To
Fn = F~ - ‘g &l)

m
P

The theoretical Jet thrust was calculated as
g

The ~ahe~ of pf3j y%) ad ~ used are explained in the discussion of
equation (10). ,,
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TA6U III.-“WRF6FJW~ MTA WI~ l%IL-”-
—

3UU Al tU&e Tail-pipe- En8ine
fit) hummum~; fuOuOt:~-tp +}t Bump. COn;wp;.n L&mIlnti b!#lnti ,%:” ;~y~

At? oon- 8P00iflc. hl ‘rail+pe Tall-PiPa-‘Tall-pi

%,t Wc,a (lb) (lb) (lb/~eo) (lb/lbtl+t) $;;;t
ratio velocity

(lb/M) (lb/h ) (f/a)u V6
peratur

“ (rt/sea) (%

CONFIOOEA’ITOMA

-.

, I ,. -1 . ..%3 I -,75 I .C.am I O’wlcI -1<79 1 2.039 0.0062 0.0107 I SW.7 t 17s1
2.093. .0177 .0229 2410
:.:g .0260 .0347 2746

.0347 .04’/1 2654
2:763
2.223 0.0196 0.0254
:.::: .0234 .0305

.0247 .0323

%2.6
S.72.7
374.9

P I 575.3 I
t 378.0 2167

I 3.20.4
376.6 I 2273

2224

00RATIONBCONFI

o.Ocn?
.0143
.0244
.0368 I

0,W922
,01816
.03269
.&&s

402.8
381.8
3.96.2
S86.0 I

163S
2172
2649
2806,.

! I .c149a I CWaol I 27%?
I0.0160

-8
0.0J03.I 326.3 2021

.,
.

E
.0221
.0368
.0207
.0642

:0596
.06s2
.0s74H

@3m$

.06601

.06698

:Q71U
.06231
.1067”” 5

36&3
379.0
320.8
1.6

428:8
424.8
437.4

23s0

2W6

+&

898
1W8

00NHOU2ATLOllC -r-.

2365 5245 4203 2687 74.43 2.oaO O.maa
2380 3209
3125 ““ 35s5 4647 31S6 74.15 2.148 .0120

0.0108

.0149

.0338

+&’

.04c%

.0443

.0446

.0835

402.3

S95.2

38!2.7
+

361:7
563.7
363.2
367.0
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1737
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2672
+.&

2556
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2434
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25 10,COO
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51 3 ,0
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\u
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3160
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PIF2 BOFWING AT FLIOHT NAOE NOH823 OF 0.6
=S=

Tail-Piw X- Turbti- R3il-ptpe-
buner

Tail-plpe- mmmlst ml@l-le- nanuraO- Turbiri8-Oalculated Run
outlet total btiwlytr burner cut- ❑tath inlet turer~m cutlet turbina-out-

Cmbumtim total pr9mure let total premum to-l control total let total
●fflolenuy preBaure P5 6t8tlc

nt
pressure Po y~e=- =ea - temPm&- %weratie

(lb/: l%)
(lb/6qft) ~p~’ (lb,::~t~ (lb/sq rt) ~1

‘2
5,0

T6 T5
(lb/sq ft) (%) (%) (OR)

(%)

I CONFIff=TION A

0.8534 1845 2219 2547 2702 1431 502 1337 1.352
.76m 1836

15s4
5558 5096 3193 143s 505 1560 ml 1575 :

.7119 5577 3343 1440 1678 1673 1662
Zz

3
.5686 1849 36;; -53 1446 :% 1706 1718 1717 4

3392 3456 40
an2 1522 1415 628.9
84!6:;

429 1507 1497 1471
1:97

s
15s5 1452 620.4 435 1532 1s30 1330

.5183 201.4 1561 1475 1512 630.4 416 1573 1561 1527 :
6412.8 1566 147’8 1517 S2U.4 426 15s9 1.545

.4456 202.8 1564 147s 1526 631.2 428 1563 1554 H 1:

I CONFICIWUTIO16B

CC64FIOUFUTIONC
, ,

3
O.sals

.6324

.8861

.6 6

:5221
.5123
.4452
.4544
.3436 +

1845
1649
1649
1852
1849

799:3
801.4
797.2
795.7
723.7

2816

2673

3558

*

1663
M88
1s74
1706

2527

I

2669

I
1460

2586 2222 145s

5232 5S.42 14s4

1463
1564 855.8
1563 654.0

1556 1698 633.S
1532 1387 523.0
1582 1617 625.5

b
la!m 1342 11
1525 1515 12
1702 1674 13
1776 1749 14

1491 1481 16
1s12 1529 17
1648 1828: 16
1633 1683 15
8 1619

1202
1186 12U6 d
1164 1197 25
1194 1187 24

522 I 1s33 I 1380 i 1381

1551
514 1691 1753 1696

402 1494 1s 1479
1585 16X 1559

418 1672 1637 1526
4CM 1635 1674 1609
411 1828 mm 1806
410 1658 166a 1643

E
26
27
2a

g

32

C0NFIWR4TION D

0.3010 1640 2791 250a 1448 520 1322 1379 1355
%%

37
.6e28 1851 3168 2925 1458 523 1531 1557 1562 38
.6472 1249 34a4 3226 3276 1480 523 1684 171a 1567 39
.4947 m.4a 35a4 5343 3320 14a9 522 1748 1782 173a 40

0:5FW2
51.9 1771

79a.3 14a9 1349 1383 624.3 452 1553 H5a 1510 42
.4743 802.1 1570 1451 1481 628.3 437 1564 1601 1551 43
.m 7a9.3 1630 1510 1536 241.5 438 1645 1641 1621 44

7a9.3 1649 1538 1559 436 1664 16a6 la?o 45
923
o:;:&2 633.1 1222 1127 1164 508.1 422 13-44 155s 1334 47

633.a m4a 1155 1176 4aa.7 422 1522 15m 4a
373s 635a 1176 1ZQ6 535.9 422 1594 woa
.50S6

15a3
a55.e 1514 wa 1241 508.9 420 184a 16a5 1835 E
a53.a 1227 1202 1227 422 162a 1647 1654 51

0.5511
.5562
.5675
.5552
.5581
.5486
.4505

.3a5a

.3a50

.5S54

.s160

:39al

*

.2a74

.2a12

.2755

.17914
7a6.5 1485
aw.7 1477
799 .s 1485
aol.4 1563
7a9.3 166a
801.4 ma
788.3 Iaal
aol.4 1716
2CF3.7 xm3
aol.4 1705
600.7 1709
797.2 M87

637:3 1560

968.4
S30:: 1051

1037
x:; 1066

1062
%:! lm9

CONFIQ~TION E

1S42 1383 y:. ;
1652 13a7
1544 1387 522:8
1449 14a3 631.3
H7a 1567 622.4
157a 15a5 221.5
1582 lam 653.2
1804 1622
1600 lela 655.s
15aa 1611 634.3
1396 161a a32.5

113 1167 49S.6
12d 1308 503.7

aa8.4 91a.7 395:4
975.7 989.2 39a.2
970.4 925.3 3aa.2
969a 1010 3aa.2
aa4.o 1010 3a3.o
a42.2 a54.5 3s5.4

442
446
447
445
443
451
445
443
439
449
448

*

417
+

430
428
430
424
427 +

~4a3 14ao
1497 151.5
14a7 1302
15aa 1587
1725 1722
1726 1731
1725 1724
174a 1748
1728 1725
1742 1740
1722 1726

151s 1531
1884 1684

1551 1576
1676 1695
1667 law
la85 1707
laaa 1704
1619 1542

1485
1502
1521
158a
1744
1743
1731
1787
17a4
1753
1737

+

1715
+

la91
lml
1721
1754
m5a

CONFICIORATIONF

0.5717 m2. a 1513 ~9a 14$7 641.5 442 1515 1527 1551 75
.4aa3 79a.3 156a 1462 1480 633.4 442 1576 1582 1594
.4677 799.3 1618 1499 1541 633.8 443 162$ 1613 1639 2
.3a12 802.a 1637 1553 1576 653.8 442 16a7 la73 laa3 7a

25

—



26 NACA RM E51E03 .

~“ ‘-
.-L. .. ..== .=

T4BL8 III. - PEWCNW4NCE DAm WIlflTAIL-
,

Run Altitude Tail-pipe 2n@ne Air cm- Speciflcfuel mil-~1
(ft) burner fuel fuel wn- t%t t$:t Smi:ion

Tail-PiPe-Wl::pe lMwi:;pe-

ocfmmption mnlption
Ff cmiyh:’on %%: f%% inlet totnl tern

‘%,t ‘f,e (lb) (lb) (lb/sec.)(lb/lbthrust)
(lb/hr) (lb/hi-)

f:,:~ [~:fi ‘el;w Pe&u’e-
, ..

(ft/BeO) (%)

CONFIOURAT16NX

97 30,00Q 1939 2562
z:

1891 34.88 2.2%5 o.ole7 0.024s 491.7

H
1970 28L3 1968

2203

3033
34.s9 2.123 ‘.0186 .0243 467.5

.=6. 2703 ZWi2 34.66 2.609
2260

100 3765 1970 2360 1077
.0245

34.66 3.026
.0326 496.7 2S63

101 4260 1931 2616 1038
.0W3

34.73
.0367

3.343
492.6 2206

102 5m5 1821 2391 1731
.0342

34.89
.W45

4.058.
489.4

.0417
2159

.0633. 486.3 1960

OX?FIOURATIONJ

103
..

10,000 2710 3563
04

4615 309.9 74.93 2.0m”::- 0.0100 0.0125. 397.6 lS27

2418~:. 30,000 2120 all
2960.

2151
2200

35.01
$44

2.110 ::. 0.0192 .0267 392,3

107
2377

3760
35.3’6 2.179.

248S 3197 2536
.0234

36.17
.0318

2.457 ‘–
379.5 2%

108 4S2Q 2370 3386 27W
.0296 .04xl

35.63
393.3 2741

2.597=;- .0363 .0546 390.6

1?0 ~ —
2880 ~ 2631

2244

1620
111

266 626 ~ — — ~
1486 1977

0.0214
:56$

%
:g.;::.:

.0261 2080
.0268

404.8

1623
.0396 398.4

::
2078 1667 22.09 .037s

2646

3730 1679 2164 1769 22.04
.0640

Sks “.
406.5

.0470
26m

.0686 406.8 mlo

.
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NACA RM E51X03 ~~

PIP2 BOR21N0 AT FLIOBTHACE Ilt?JBmOF 0.6 - WNTDI03D .
=@%z=

ml l-pipe 2m@e- Turbine- Tail-pipe-Tail-plpe- Bxh6umt
burner

-Rlglne-14anlJfau-Tlmblnn- CaloG-& mm
Cutlet total burner burner u.lt- Bt6tio in.let turerps

mbuntim total
cutlet torblne-aut-

PrenEm inlet let tit.a.lpl-emure total u.mtrol t@..9S let total
fficlency Wemmre

?7~ (lb/~ ft) ky~%e ~a;-
~~Ba- te;gea- t6mw&- tWTerature

(lb/2 ft) {lb/sqft)
(w%’ m) ~1 T5

(lb/sqft) (OR) ‘6(%) (%) (%

Q3NHOORATION O

0.6513 601.4 1s77 1451 1487 633.5 436
.5666

1546
Sm.o 1691

1552 lsas 77
1650 1527 654.7 457 1677 1649

.3434 600.0 1777 la40 16W 830.8 455

.4497 602.1 1007
1762 1721

7.666
M ;:

166S 636.3 432 1771 1776 1814 64)

27

&
0.5696 1656“ 2733
.8871 1859 3070
.7235 1232 5300
.7448 16W 3472
.7463 1656 352Q
.7213 185s 25638

1656 741

.S6PKJ 165J3

.4811 x%: 1712 “

.3462 eol.4 1751

0.4386 499.3 998.9
.3217 501.4
.2368 500.0 %%
.1972 mo.7 986.2

2444
2227
3049
32m
3266
3398

~

16W
+

.652;4
938.7
916.0

cWI~TION I

0.3778 602.8 1469 9s9.3 1407
.am7 799.3

630 456
7512

1512 153a 1557 9?
1010

.5225
1430 632 436 1466 1516 1554 98

W.o
.3717 -

1544 1027 1455 456
ml.4

1566
1460

1569
101s

1607
am

.3243
1415 459

601.4
1525

1465
1549 lZ

1005
.225a

14U 1513 1536 Lw 101
799.3 1437 974.6 1384 E: 458 1461 1486 1485 102

CONFIOURATIO!6J

t
----

;6 1723 I
2 a79.2

.3sal 1 5W.7 I 1121 I 1062 I 1055 I 307.1 I 422 I I 177s I i676 ~13

COUFIO06ATIOUK ‘

0.7755
.7737
.7367
.7111

+

:7360
.712.7
.6660

2662
2208
3013
S120

-

1344
1487
1X2
1366
1500
1623
1653
1640

+&

1016.
1051
1040
1046

COUFIO06ATIOML

4
2653 1467
2263 1462
3120 1463
3279 1456

132a 629.8
1.4z? 622.8
1657 653.6
7.367 635.6
1651 633.6
163s 633.6
1678 636.4
1693 634.7
1396 626.6

.7
1
1057 4c41::
1069
1062

397.0
396.3

10B2 4m .0

COWIOOMTICN K

3Q8
508

w*
454
437
437
40
441
437
440
441

*

411
422
417

1477 1435
1554 1497
16S6 ●

171a :Fo

1608 1432
1646 1474
1891 1614
1740 1636
1761 1698
1647 1730
lam 1742
18S6 1766
1869 .1767
1631 1808
1735

1710
% 1739
1275 1773
1694 1778 3

1426 22
1499 25
1387 24
1830 23

14 6 127
1467 126
1654 22
1673 30
1725 31
1720 2
1606
1’2C4 3-4
1825 5
1622 6

1796 36
1840 39
1053 40
1663 41

m.7 .1532 1S96 1446 631.9 465
W1.4

L633 1605 42
1646 1496 1540 637.4 446 1674 7.671 43

802.7. 1667 1651 1592 655.5 440 1722 1746 44
203.5 1766 1S76 1646 653.S 439 1782 17g 45

451 1813 4e
469.3 U1O 968.3 966 404:5 426
469.3 1108 1047 396.6 416
466.3 1126 Pm* 1053 403.% 414 1768 1611
499.3 112s 1023 1044 39s.9 42Q 1722 lwl

I
t -..



28 NACA RM E5U03
*

~“’ ““”

35 I I 28CXI I 2427 I35
156 40,000I 1257 1!519 I18(

151 30,000 1810 2024 2705
152 1895 2Q72 2726

lLiiMi -i it

TA2L2 III. - P2810RMAWCB DATA WITH TAIL-
....- : Iv:

Run Altitude’ Tall-pipe- En6ine Jt Nt 11
burner f’ue1 fuel cm- tll%at &t &p:P;

S.peairlam 1 Tall i i ‘rail i w T
(rt)

P&r a11 al
O-mpti: bum% bum%ye bu%p

l-pipe
outlet

cqmmptlon .9Umpticm
‘J ‘n % ‘rDn fuel -* ruel-air InMt total tern

‘r,t %,e (lb) (lb) (,lb/8eo) (lB/lb t~t) ~;;;
ratio velaalty
(f/a)U

pelwttuw

.(lb/im) (lb/hr)
(te~eo) (%

cONFIOUFIATIONN

1996 35.59 1.919 0.0141 0 ::;::” 404.5 2m3
35.32 1.961 “ .0149 401.9

2192 35.83 1.992 ‘- .0169 ,0227
2372

401.2 2402
35.87 2.043 .019s .026s 397.7 261s

1372 22.71 1.87a 0.0164
146S 22.84 1.979 .0178
1618 22.63 1.985 .0206 .0287
1649 22.88 2.123 .0230 .0325
1636 22.65 2.151 .0255 .0333
1662 22.65 2.206 -- .0254 .0563

#

.62 10,000 2218
163 30s3
164 4040
165 5020
L66 5860
:67 6762

1839
.89 ‘
.70 2752
.71 3179
.72 3
.7 L
.74 ‘ 16k8
.75 1925
.76
.77 %%

3340
3871
4250
4575
4730

+%&

2337
2484

*

1490
15s3
162$
1700

CONFIGURATION O

4370 2853 76.04 1.948 0.0381
5162 3618 76.34 1.913 .0111
5728 4164 78.02 “1.981 .0146
6144 456S . 76.14 2.094 .0183
6461 4929 75.75 2.153 .0216
6661 5111
2791 2113 35.97 0.0142
22s2 2300 35.64 % .0184
3057 2395 S5.ls 2.125 .0216
3309 2838 35.78 2.147 .0247

w 1512 22.60
:%5

~.743
1571 22.56 1.99V

2057 1640 25.cm 2.121 .0232
2134 1712 22.77 2.252 .0272
2226 1.806 23.10 2.311 .0298

00NHOURATION P

Ei-l_EL
0.0066 405.6 1684
.0141 399.7 2931
.0192 395.9 2322
.0244 395.5 2539
.0261 390.3 2668
0341 . 2605

0018 396 2
:Cld 398:0
.0301 396.9 2702
.Q347. s397.8 2831

00210
:0280
.0323 400.7
.0387 396.8 %%
.0430 401.9 2846

178 10,000 1945 3373 4247 2662 78.Z8 1.963 0.0071 0.0087
179

403.4 1714
2780 3625 5036 34S6

180
76.25 1.888

3730
.0101

4159 5%5:
.0128

4009
395.2 2056

181
75.44 1.968

4724
.0137

4460 75.72
.0176

4480
390.6 2345

2.054
.162

.017s .0230 388.8 2539
63S9

183 50,CKJ0 1461 Moo 2354 1653 36.45 1.814 0:o111 0.0142 20
164 1960 2128 2630 2154 35.59

395.6

183
1.898

2624
.0155 .0204 391.7 23;:

186 gq ?% ~ z:::
2.045 .02m :0281

3370
320.6 2879

2.246
,167

.0261 .03’s7 391.7 2842

1.% 40,000 1667 1533 2:%1 ‘1716 22.63 1.862 o;~2:;
189 2Q05 1610

O:og; $9$.8
2133 172U

2643

180
23.15 2.102

2400 1678 2194 1761
395.5 2745

191
23.27 2.316

2905
.0286 .0409

1736 2160 1761
393.4 2863

23.18
192

2.635
S235

.0348
1717

.0306
2331 1905 22.98

398.8 i?914
2.599 .0391 .0566 366,7
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.



NACA RM E51X03

.

29

PIF8 BUWUNII AT FLIOHT HACH NUN8Ei OF 0.6 - OONCLUD3D
~“”. .“

Ts.d-l-:;peh%&e- Tmrbhe- lzil-pipe Tall-pipe- ExhaUst
outlet-total burner burner aut-

2nE&- =e- Turbine- Otlc!ulat;d Run
static outlet turbine-cmt-

cubtmtim tCYtal preseure inlet let total pressure .total Ocatrol total let tatel
ff iaienoy preemre

??t
statlC

PI
preeewre tempera- tempere.-t.%mllnea-temperature

(lb/x ft.) papreBsure Po ture ture .“

(lb/z ft) ‘lb’eq‘t) T1 ?3 T5
*5,C

(lb/Bq ft)
(lb/8q“ft) (%)

(%)
(%) (%)

i

0.7266
.7534
.7460
.7879

*

.7333

.7030

.7W4

.69s1

OQG’IOURATIONN

602.1 1524 1340 1442 615.1 441 1577 1548
602.1 1544 1568 1460 615.1 441 1804 1579
601.4 1607 1420 1517 610.4 440
W.6

1665 1615
1678 1488 1586 611.6 U3 1734 1676

1399
500.7 1022 W7.7 964.9 ?184.1 420

1542 .
1670

501.4 1060 947.1
1656

1003 384.8 420 17s1 1718
mo.7 1066 974.6 103s 420 1773

z::
1760

500.7 1088 975.3 1033 422 1781 1772
301.4 1103 869.4 1044 367.2 421 “ 1798 1797

CUNFIOORATIONO

0.5636
.7616
.7901
.7666
.7662

*

.7573

.7471
+

:6636
.6411
.6437
.6209

oONFIOUMTION P

498 I I 1407 I 1368
500 1535 1492
601 16X 1581
an 1696 1856
502 1742 1694

434 1585 155s
440 1687 1881
448 1759 1722
435 1777 1758

418 1589 1587
418 ‘ 1684 1885
418 1733 1714
42.1 1788 1778
416 1825 1808

3E
511 1479
511 1604
510 1704
510 1769

435 l!570
436 1714
Uo 1828
U1 1917

2
416 1824
414 1877
412 1910
410 1951
422 1984x141s 1382

1323 1485
1614 1575
1663 1643

-1509 1458
1626 1595
1728 1697
1781 1764

1720 1700
1760 1740
1602 1763
1843 1831

w

i

178
179

181

1
164
165
186

1
189

19
-.
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NACA RM E51E03

.

‘T Tail-pipeburner

31

‘i- CcdixlgF3hroua

Figure 1. - Instdlatfon d’ engine and tail-pips-burnerassembly in altitude chamber.
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Rtatliml1,
euwim inl.e

!Cbnu3tmaasuring
cell-

—

, I
2176 ,2

St*ion 3

\\

Ek9tim 5,

\

9tatlon 6, Z’tatim.

CCtt@l%OBCfC turbine outlet burner Iulet nozzle E

cutletl\
-14-lncb butter-l

f4 Valva

\i

edallwb.
my rake

Statica 8, exb8md-
ncmae threat

-staticulo, axbEim@
ambient

%xhaust dimlmar

-Rear bmYJ.e

‘i

E!

-2. - Sohamtio &mn3ng of enginn d tiil-pips burner In altltuda c.hmmber.



NACA RM E51E03
.

5“

—

(a) Flame-holder position 1 and stamisrd Mff userinuarcone.

\

Fuel I@eotors

~Flsme holder

_30_16L41.5xt_lo_

.

. .

. .

23

,.

—

–lo—

‘=s=-
(b)Flame-holderposition2 aml mcxlffled MfYuser inner oona.

Figure 3, - soh~tlo d.rswl~ ‘of t@al tail-pipe-bmr assembly.
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,2297 2176 , .

o

)- Fuel-inJectlm holes

o

c= “

Flaw holder

Fuel mauifold

&

(8) Phot~ph W cross section of @pical H-gUW fb-holder unit, configuration A, B, emd C, -

Fi@Jm34. -C cmmrcial fkne-holder and fuel-system units.
CA
Cn
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1

,.. :. .

“Zlfti

I v

ox
‘Flame holder

d-
Fwl manifold

z

(b) Photograph and arons secticm of H-gutter flmwholder uolt, configuration D.

Flgme 4. - Continued. Ccmlmrcwl fl@e-hOldw and fuel-system Units.
CA
4



.

●

✎ ✎

.



.“

, . $

LLIU

, .

‘/-- Fuel manifold

(C) Photwaph and cross section of tyyical H-wtter fk-balder with tralJ3q V-gutter, umf@ui-atlm E, F, end G.

Figure 4. - Ccmtinued. Cccmm-clal flame-holder and fuel-system umI.tB.
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lU.CARM E51JZ03

.

..

*L j:-’y%?,:.”-.”’.”.:.,:..:-;,-~“ .“ ~~‘ “’”-”---T.” “::.: “::;,-;. .. .... .=-A_&+ +.”-+ —-. . . . .--.——-.—.=: . . . ... . .. . ,.. . ., ,., ,s

h.
.=. -. ...- :
,- ,, ...= J—

(d)

Figure 4.

TY-Picaltrafling V-gutter, configuration E, F, EOIdG.

- continued.Camercial flame-holderand fuel-systemunits.
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h 2176

<

r Fuel mwifold

~z

Trailing V-gutter

-<

Qx

(e) Phot_huulcrcea .ectionof H-gutter vithtre3.11ng V-g@ter, ccafiguration H.

Fi@me 4. - Cw.Wnued. C-ciel fleme-holder and fuel-s@xmunita,
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, #

.

<

~
!CralMng V-gutter

o
<~ Flame holder

[

?uel Menlfold <

x

r 1

(f) Photograph and crcas section of H-@@trm K1.ems holder tith two trallj.ng V-guttezw,

Figlu’e 4/ - Conthllma. Ccmwrckl flmn-holder and fuel-system units.

ccmfi#u’atkm I.

la
m





1’
0

!2

<

1v-gutter

-

-f

streamlined

fuel-manifold

<
I

(13) Photwcaph and .rcas secticm of V-gutter f= holder, cnuriguration J.

Fiwe 4. - Cmduded. Cmmercial. fleme-holder aod fuel-.e.wtem units.
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7T NACA RM E5.IE03 ‘ 49
.

e hoMer

I I

-+- “ “
1.:25

7
2.06

-1

w I-J=--l
(b) Conf@uations

B,C,EJF and G.
(a)Ucd’iguration Ah (c} configuration

*

-43.7- ‘ 1.:7%1

6

I ..1
n.b

11:6S!37
2.06

1

L=--l

1.75

L

o ,3il r <+5

“ I-o:
7

1

-i

o ,J-115.0=

J

Tl ~=
2.31E .

% —.

.-.

(d) Coti@.matlon H. (e) Cor&igumtfsm 1.

(f) Comfigllmtion3.

Figure 5. - Cross sections of ccamerclsl. flame-holderand fuel-msnifold.units.
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24

Y

38
,’
..+

-—. —.. .—...
—
.

M’*5

1<+’ ___. ‘.

-f-
~ ..-:”’

1.88

m ‘“

(a) FM.ue“hol&r 1 used in configuratitiL and O.

rk-1 350

\
2

r>

r

35°

24.38 >

I

.—. — -

9.69

J

4
1.75

T“

f
<

(b) Flame holder 2 used in ccmfigurationM.

Figure 6. - Schematic~~esigned fI.emeholders.
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N#3A RM E51E03 51

-1
n I-I
I I

u

+J
(c) Flame holder 3

-1

lil

r‘L,’
1.75 350

\

L
>

r

350

>

11.5

2438

I

--i
< 1.s

T

.- .”’
,,

.

u

usedin configurationN.

n

k’x\\ 18:OU

I
} -i-—---+- —--+ -R---I=J 1- -.—-

,_ld
I

Tr! ~-r
A

(d) Flsme holder 4 used in configurationP.

.

Figure 6. - concluded, Schematicdiagram of NACA designedflame holders.



52 Commlwtrdb NACA RM E51E03 .

.

I
! I . 7 .

l-- –-.63 .63 .63

4.00
..

2.13 1.50- ? 2.25——~ m75-

(a) Fuel inJectorlused in coz&igurdiion K.

i

I 1’ 7 . 7 .
—

1 ,

1-
.63

—5.85 —l.63— ? 1.38-- --i.25+h .88- —

(b) Fuel injector2 used in configur@ton L, O, and P.

I
?

—4 ●50

(c) Fuel inJector3 used in configurationM.
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Figure 8. - ~tion & preseureand temperatureinstrumentationinstalled in _
and tail-pi~ burner; 100MJIS downstream.
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withtail-pipe-burnerfuel-airratio. FlightMachnunber~0.60.
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Figure 20. - T~iaal T-guvter failure at a gutter intersection.
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